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TAYLOR AND HACCOLL COMPUTATIONS

Lbstract

In the present report, a method is illustrated of ottaining
more rrecise values of shock wave ancle, pressure, Xach number,
and drag coefficient frem a given cone angle and velocity past the
cone. From the Rankina-lugoniot shock wave equaticns a single
equation is obtained which fixes the position of the shock wave.

Another term is obtained in Maceoll's Taylor expansion about
the surface of the cone which perndts the use of a larger interval
of integration with the same degree of smoothness and accuracy
prevriously oltained for smaller intervals.,
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By the asswsption of axlally symmetric, J o Easitahal
£loW-of | el penieicy coumpressible 1'iuld, Tuylor and Maccoll?
obtzined the following differential equations for the
tangential and normal compenents of velcocity, u and v
respectively, for conical flow:
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vV = du/de, where 9 is tne azimuth angle.

Only numerical integration nas thus fur proved feasible
T solving Sthese equations. It then is convenient to in-
tegrate out from the surface ol the cone by assuming a
certain value of u/c along it. In order to Pertanm i the
first few steps of the integration, Maccoll?® used the
following series without tae term in $g°, developed zlong
the surface of the cone:
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where tne subscript s denotes a value taken at the surface

of the cone and, letting (u/c)s =)

t

a cot QS

b = cot"’gS + 8ug/s(y~1)(l—ug)

c = a(7/12 + cotzgg + 20U§/3(y~1)(1-ug).

@ = cota, + .95 cote_ + .132333
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" Taylor and Faccoll - Proc. Roy. Soc, A 339 278
“Naccol¥ - £¥6c. Roy. Soc. A 159 459
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Junericeal integration cun then be used until Qw, the
) 1

shock vave angle 1i: reached# Buththis is precicsely where
difficulties aroce in the past. The conditions determining
the existence of & shobk wave are obtained from the
Rankine-fHugoniot equations. In the form obtained B N ay o
and Maccoll?®, these involved the use of three sets of graphis,
meking the computation not only cumbersome, but inaccurate

as #ell. R. N. Thomas® used an improved version involving
the use of only one Elapa. NS n il report an even simpler
condition will be derived, which obviates the use of graphs
EnrEre It

From tiue atiached diagram and the fankine~ljugoniot
equations,
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% Taylor and Maccoll - 1bd, . .
REichard N. Thomae - BRL Report No, 483,

% This implies that the Iree-stream velocity vector is paralleél to the
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we cean, using

the t(ransformations

¢ , where

being the velocity of sound in the undislurbed alr, obtain
the eguatlions

(1)
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Introduce the guantity
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sound behind the shockwave,
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But, from the diagram and eg. (2)
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Eq. (&) suffices to determine when Lhe integration must

stop, for it can be written in the form
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5= = 9, showing that inverse
‘%)

interpolation may be used to determine tne value of Qw. s
¥

e is determined, U2 e Y

polation.

2

may bte found by direct inter-

1t remzins to [ind the Mach number M and the nead drag
coefficient K.. jousl M=gqg,/a, = f2 = 3
coefficient X,. Obviously, M ql/ 1 = V;¢ cew/al g cscl,

and cen tnus be found by using eq. (4) .

=

50,

’....

IA. 5
Cart, iITES T
<) éfd (pS pl)

B
~—’
=
b

But

e -

Since the flow is édiabatic behind the shock wave,

ASS T I
p p
—p—i = (5—:—) while
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% After this manuscript bad been completed, it was found that thie

oqetior mas v med Ty the Navy in their calculations,
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SHD st tuding imaEe i

It should be observed that us/c is not known in

practice while M is. This difficulty is surmounted by
solving the differentizl equations for u/c zand v/c for a
variety of values of ur/c and the same QS. In this way
(o3

sets of values Tor Qw, M, ana KD are obtained and ew and
KD can be plotted against M. Tnus the shock wave angle
and head drag coefficient can be obtained if the vededtty
and cone angle of tne projectile are known.

guch, curves were sctually obtainsd for ile four values
of QS : 9.5°, 12.1°, 15°, and 20° and are shovn at the end
of the report. It was found convenient Lo use tne following
values of us/c in each case: .35 , .36, .375, .4, .45, .5,
6, .7, 8, .9. It will be seen that in tne case g = i 4TS

S
there are two values of KD and 8, for some values of ¥
¥

ita
If ilower values of us/c were used, complete sets of double

values could be obtéined. Enwever, in practice the upper
part of the curve does not usually BCOUD, 0% I tuen “he
safely eliminated.

It may also be mentioned that the integration was
carried out in the manner used.for & trajectory rather than
in tne egual interval method.originally used by Taylor and
Maccoll. The former has the advantage of permitting =a
small interval to be used at the beginning, which can be
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later increased as much 45 the problem permits. Since

the series for u/c and v/c give correct vaiues to within

« 0o = hor SiE ot RIS a sy T i fs advisable to begin the

integration with an Iapervel of (.59, " we this obtain

values of u/c and v/c for g = e 0 9.,-0.5, 95 9.,%0.5, 6_+1.0.
fwl

This gives five lines with Tourth differences, sufficient for
carrying out tne integration.

in general, it was rossible to extend the interval of
integration up to 4°, greater tnan eny used by Taylor and
Maccoll, which natural Y shortened tne conmputation. In son
Cases, notably for =R 9557 us/c B T A ) = 1o N

us/c =:,375, the 1aterval of integration had to be drasticzlly
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reauced just before tne integration was conpleted, since these
correspond to Mach numbers close to L= Fory thei g- 2o cone,

the Mach number can be LIPS R o To T e yield & soiution; Haks 2
permit the snock wave to remain attzched 1o tie cone (see

BT s I'his, however, is a theoretical result which could
not be expected to hold in practice, since the assumption

of irrotationzl flow te not valid in the transeonic Wi T Op
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Raywond. A. Taretsky
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